Background/Aims Pigeon breeder's lung (PBL) results from Th1/Th2 cell imbalance. B cells inhibit the immune activity of Th1, and EBF3 is a key B cell factor. This study explored the relationship between EBF3 and Th1/Th2 imbalance in chronic PBL cases complicated with pulmonary fibrosis (PF). Methods Twenty Uygur PBL+PF patients, 20 pigeon breeders without PBL or PF, and 20 healthy individuals without pigeon breeding history constituted the patient I, negative control, and normal control groups, respectively. Peripheral blood specimens and case backgrounds were collected between June 2016 and March 2017. EBF3 gene methylation was analyzed by matrix assisted laser desorption ionization-time of flight mass spectrometry. To compare different mechanisms of PF progression in PBL, samples from 20 Uygur PBL patients without PF (at acute and sub-acute stages) were collected between October 2017 and February 2018, constituting the patient II group. EBF3 mRNA expression was evaluated by real-time polymerase chain reaction. IFN-γ, IL-4 and IL-10 expression and Th1/Th2 imbalance in PBL were evaluated by enzyme-linked immunosorbent assay and flow cytometry. Results CpG-2 and general methylation rates in the patient I group were lower than those in the control groups (P˂0.017). The level of EBF3 mRNA expression in the patient I group was significantly higher than that in any other group. Compared with the control groups, the patient I group showed a significantly higher level of IL-4, whereas the patient II group showed a significantly lower level. IL-10 was also expressed more highly in the patient I group than in any other group (P<0.01). Flow cytometry showed INF-γ dominance (Th1 cytokine) in PBL at the acute/
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Introduction Pigeon breeder's lung (PBL), a type of hypersensitivity pneumonitis (HP) [1] , is usually attributed to inhalation of pigeon dropping products, such as excreta, feathers and serum; subsequent intense immune responses are induced, resulting in pulmonary alveolitis. HP is an interstitial lung disease for which the common outcome is pulmonary fibrosis (PF) [2] .
Based on animal experiments, Th2 dominance occurs as an immune response in PF cases developing from PBL [3] , which had long been believed to be a Th1/Th2-imbalance disease featuring Th1 dominance [4] . Previous studies by our research group have revealed that the acute stage of PBL is caused by Th1 imbalance, characterized by increases in the levels of INF-γ and IL-2 and decreases in those of IL-4 and Il-10 [5, 6] . One study among cases of HP caused by farmer's lung showed that in acute stages, activated Th1 cells secrete IL-2 and IFN-γ during the immune response. According to a clinical study on HP, the expression levels of proinflammatory factors, such as IL-2 and IFN-γ, in bronchoalveolar lavage fluid and TNF-α in serum are markedly increased [4, 7] . However, according to an animal study, Th2 cell dominance and PF occur together in chronic stages, and IL-4 is highly expressed [8] .
To the best of our knowledge, no report on the high expression of Th2 in PBL with PF has been published to date. Th1 is inhibited by B cells [9] , and EBF3 is an essential factor for B cell maturation [3] . Nonetheless, the role of B cells in Th1/Th2 imbalance, i.e., the change from Th1 dominance to Th2 dominance, in PBL remains unclear.
Uygurs are residents of Xinjiang, China, and the genome of this population contains 11 types of genes of Turkish, Arab, Western European and Southeast Asian ethnic origin; Islam is the common religious faith among these people. Our previous study reported a high morbidity rate among Uygur, which may be attributed to their custom of pigeon breeding. Among PBL cases, 63.6% evolved into interstitial pneumonia [10] , and long-term exposure to allergens can result in multiple diseases, including PF, breathing failure, pulmonary artery hypertension (PAH) and pulmonary heart disease [11] . Patients with repeated coughing or shortness of breath are often misdiagnosed with asthma, tracheitis, pneumonia, which causes the PF outcome, pulmonary heart disease and respiratory failure. In general, patients referred for treatment to large hospitals are in a severe condition with irreversibly impaired cardio-pulmonary function [12] . Indeed, an investigation of pigeon breeder clubs showed an HP prevalence of 8% -30% among breeders [13] . In our previous study, the prevalence rate of HP in Uygur populations was 8%, and in most of these cases, HP evolved into PF because the patients did not receive proper treatment [14] .
Whole-genome methylation preliminary screening has been performed in 4 Uygur PBL patients and 4 Uygur pigeon breeders without PBL using the Illumina method, with abnormal EBF3 gene methylation found among the Uygur PBL patients. In this study, the role of gene methylation in abnormal EBF3 expression in PBL patients with PF and the relationship between EBF3 and Th1/Th2 imbalance in PBL were investigated to reveal the molecular biological mechanisms of Th1/Th2 imbalance and PF in chronic-stage Uygur PBL patients. 
Materials and Methods
Patients
Twenty Uygur patients with a confirmed diagnosis of PBL with PF between October 2015 and March 2016 at First People's Hospital of Kashi Prefecture and People's Hospital of Xinjiang Uygur Autonomous Region were collected as the patient I group. In addition, another 20 acute/sub-acute PBL patients without PF who were confirmed in a survey conducted in the Kashi district between October 2017 and February 2018 constituted the patient II group. The ages of the patients varied from 20 to 80, and gender was unrestricted. The diagnostic criteria for PBL were those of HP, and the criteria suggested by Schuyler et al. were widely applied [10] . Grading of lesion areas in the lungs of PBL patients was performed according to Muller grades >1. Exclusion criteria included the following: (1) interstitial lung diseases; chronic bronchitis; acute respiratory distress syndrome; autoimmune diseases and malignant tumors; and (2) other supersensitivity diseases or lung diseases with diffuse lesions. The clinical characteristics of the patients are summarized (for all online suppl. material, see www.karger.com/doi/10.1159/000490208) in the supplementary file.
The negative control group included 20 Uygur pigeon breeders who had bred pigeons for more than 3 years and had no clinical manifestations; the normal control group included 20 individuals with normal physical examinations and no history of pigeon breeding. The ages and genders of both the negative and normal control groups matched those of the patient groups.
This study was conducted in accordance with the Declaration of Helsinki. Approval was obtained from the Ethics Committee of People's Hospital of Xinjiang Uygur Autonomous Region, and informed consent was obtained from each participant.
Case collection
General background information including gender, age, smoking history, and pigeon breeding history along with clinical materials such as lab diagnostic results, lung function, and image examination results were collected for each participant. Fasting peripheral venous blood samples were collected into anticoagulative tubes. After centrifugation, white blood cells were isolated and stored at -80 °C for subsequent mRNA detection.
DNA preparation
DNA was extracted from blood samples using a Wizard Genomic DNA purification Kit (Promega; Madison, WI, USA), quantified with a spectrophotometer, and assessed by agarose gel electrophoresis. Electrophoretic genomic bands were usually larger than 20 kb. Qualified DNA was transferred to 384-well plates after being adjusted to 50 ng/µL and stored at -20 °C.
RNA preparation
Total RNA was extracted from blood samples using a Qiagen RNeasy Mini Kit (Qiagen; Düsseldorf, Germany) and reverse transcribed with a Transcriptor cDNA Synthesis Kit (Roche; Basel, Switzerland).
Primer design
Primers were designed based on methylation sites in the EBF3 gene and synthesized by CapitalBio (Beijing, China). The EBF3 gene (cg12129080) contains 4 CpG sites, which were marked as CpG_1, CpG_2, CpG_3 and CpG_4/5. The targeted EBF3 gene sequence was TGCAGCTTAATGAGGGGCACATGTGTG-CAAAGCCTTAACTTC ATTACTCCTGCGTGTCAACATATACAAGAGAAATGTGT bnGTACAGGTCATCCATTACTCG-GAACAGCACCGAGCCC TCTCTCTTCACCTCCCTTTGTTGATGAGCCAGGAGCCATAA ATTAATCCCGTTCTGTG-GCTCGGGGAAGGACCAAGGT GTTAAAATCTC.
To evaluate EBF3 mRNA expression, the primers used were forward 5'-TGTAGTTTAATGAGGGGTATAT-GTGTGT-3' and reverse 5'-AAAATTTTAACACCTTAATCCTTCCC-3', with an expected PCR product of 206 bp.
Polymerase chain reaction (PCR) amplification
PCR amplification was performed using a kit from SEQUENOM (San Diego, CA, USA). The amplification conditions consisted of 94 °C for 12 min, followed by 10 cycles of 93 °C for 50 sec, 62 °C (decreases of 0.5 °C per cycle) for 48 sec and 72 °C for 1 min, 35 cycles of 94 °C for 45 sec, 56 °C for 48 sec and 72 °C for 1 min, and a final step of 72 °C for 3 min and a 4 °C hold. PCR products were identified by 2% agarose gel electrophoresis.
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Alkaline phosphatase (SAP), in vitro transcription and RNase digestion SAP, in vitro transcription and RNase digestion protocols were conducted according to the MassCLEAVE Kit instruction manual (SEQUENOM).
Sample spotting and mass spectrographic analysis Using a MassARRAYNanodispenser RS1000 (SEQUENOM), purified samples were spotted onto a 384-format SpectroCHIP and detected with MassARRAY Compact System (SEQUENOM). SpectroCHIP was designed and run based on mass spectrographic matrix-assisted laser desorption/ionization-time of flight (MALDI-TOF) technology; data were analyzed using EpiTYPER (SEQUENOM).
EBF3 mRNA expression in peripheral blood
EBF3 mRNA expression levels in peripheral blood samples were evaluated using real-time PCR with a QuantiFast SYBR Green PCR Kit. Primer design was based on the EBF3 mRNA sequence in GenBank (NM001005463): forward and reverse EBF3 sequences of 5'-GACCCGTCAGAAGCCACTC-3' and 5'-TGCAGCCCGTCAAAGAAG-3', respectively.
Detection of IFN-γ and IL-4 in serum
The serum expression levels of IFN-γ and IL-4 were detected using an enzyme-linked immunosorbent assay (ELISA) Kit (eBioscience) according to the manual; each sample was analyzed in duplicate.
Isolation and culture of peripheral mononuclear cells (PBMCs)
PBMCs were isolated from blood samples using Ficoll (GE Healthcare, Uppsala, Sweden). After centrifugation at 2000 rpm for 20 min, PBMCs were extracted in buffy coats, washed twice, centrifuged again at 1500 rpm for 10 min at room temperature and incubated in 96-well plates using RPMI-1640 (Life Technologies, Paisley, UK) supplemented with 10% fetal bovine serum (Gibco BRL Co. Ltd., NY, USA); each well contained 10 6 cells. After extracted pigeon exfoliated products (8 µL) were added to the wells, the cultures were incubated for 24 hr at a final concentration of 0.5 mg/mL.
Analysis of Th1 and Th2 cells via flow cytometry
After collecting cell cultures, cells were suspended in 200 μL RPMI 1640 supplemented with 10% FBS (2×10 5 cells) and transferred to flow cytometry tubes (12×75 mm). APC-H7-conjugated anti-human CD3 and FITC-conjugated anti-human CD4 monoclonal antibodies (BD Bioscience PharMingen, San Jose, CA, USA) were added to the tubes. The samples were then incubated in the dark at room temperature for 15-30 min, washed with 1 mL staining buffer, centrifuged at 500×g for 5 min, and fixed. The membranes were permeabilized and incubated in the dark at 2-8 °C for 40-50 min. After washing twice with phosphatebuffered saline (PBS), the samples were resuspended in 100 μL PBS. PE/Cy7-conjugated anti-human IFN-γ and APC-conjugated anti-human IL-4 monoclonal antibodies (BD Bioscience PharMingen) were added, and the samples were incubated in the dark at 2-8 °C for 40-50 min. Isotype controls were provided to enable correct compensation and confirm antibody specificity. Stained cells were analyzed with a FACS Canto TMІІ FCM flow cytometer and pre-installed FACSD software via Readme (BD Bioscience PharMingen).
Statistical analyses
Data analyses were performed using SPSS 17.0 software. Comparisons of methylation rates among the patient I, negative control and normal control groups were based on the Kruskal-Wallis method, and P values <0.05 were considered statistically significant. Pairwise comparisons among the groups were performed using the Mann-Whitney method. Because repeated hypothesis testing increases the probability of type I errors, correction of the inspection level was required. In this study, α'=0.017 and P<0.017 were considered statistically significant. One-way analysis of variance was used to compare EBF3 mRNA expression levels in serum among the four groups, and P values <0.05 were considered statistically significant. SNK-q was used in pairwise comparisons among the groups. Analysis of TGF-β in bronchoalveolar lavage fluid was performed using t-tests, with P values ˂0.05 considered statistically significant. Correlation analyses were conducted using Pearson's correlation coefficients. Figures were created using GraphPad Prism 6 software.
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Results
General information
Age and gender were not significantly different among the four groups. No member of the four groups had a smoking history. According to the Muller method, the PF area was graded on six levels (level 0-level 5), with higher grades indicating larger areas. Blind evaluations of PF areas were performed by three radiologists, and at least two equal scores among the groups were deemed qualified. If this criterion was not met, reappraisal was required ( Table  1) . (Fig. 1) . The methylation rates of CpG_1 and CpG_4/5 in the three groups did not differ significantly (P˃0.05), though differences in CpG_2 among the three groups were statistically significant (P<0.05). In the pairwise comparison of CpG_2 among the three groups, the EBF3 methylation rate in the patient I group was significantly lower than that in the negative and normal control groups (P˂0.017), though the rates in the negative and normal control groups were not significantly different (P˃0.017). The distribution of the general methylation rate among the three groups demonstrated statistical significance (P<0.05). In pairwise multiple comparison analysis of the rate of EBF3 gene methylation, that of the patient I group was lower than those of the negative and normal control groups, with statistical significance (P˂0.017). Conversely, the difference between the negative and normal control groups was not statistically significant (P˃0.017). The results are summarized in Tables 2 and 3 . The detailed data regarding methylation are summarized (see online suppl. material) in the supplementary file.
Analysis of EBF3 (cg12129080) methylation
In this study, 5 CpG sites were evaluated, among which 4 were found. Because the same results were observed for sites 4 and 5, we used the designation CPG-4/5. The color of the patient I group was light, indicating a low rate of methylation, and the dark colors of the negative and normal control groups indicated a high degree of methylation.
EBF3 mRNA expression
Real-time PCR showed that the levels of EBF3 mRNA expression in the patient groups were higher than those in the negative and normal control groups (P<0.01), with the patient I group being significantly higher than the patient II group. However, differences between EBF3 mRNA expression in the negative and normal control groups were not significant ( Fig. 2A) . In addition, the level of IL-4 in the patient I group was significantly higher than in the other groups, whereas the IL-4 level in the patient II group was significantly lower than in the normal and negative control groups (P<0.001). IL-10 in the patient I group was higher than in the patient II, negative and normal control groups (P<0.001), though the levels were not significantly different (P>0.05) (Fig. 2B-D) .
Flow cytometry analysis of Th1 and Th2 cells
The results for the two T helper cell subgroups based on flow cytometry are shown in Fig. 3 . The percentage of Th2 cells in the patient I group and that of Th1 cells in the patient II group was significantly higher (both P<0.05) than in the negative and normal control groups.
Correlation analysis between EBF3 and pigeon breeding time, pigeon number, PF area and Th1/Th2-related factors PF areas, based on the Muller method, were graded on 6 levels (from 0 to 5), with higher scores indicating larger areas. Pigeon breeding times were graded on 3 levels (<1 year, 1-3 years and >3 years), and the numbers of pigeons bred in the past 3 months were graded on 3 levels (<50, 51-100, and >100).
In the patient I group, the general EBF3 methylation rate was negatively correlated with the level of its mRNA (correlation coefficient=-0.889). mRNA expression of EBF3 showed positive correlations with both pigeon breeding time (correlation coefficient=0.223) and number (correlation coefficient=0.762). The PF area was positively correlated with the mRNA level (correlation coefficient=0.362), and the level of mRNA expression was negatively Table 3 . Comparisons of each CpG site and general methylation rates among three groups. A, the patient I group. B, the negative control group. C, the normal control group. Z, the Z value based on pairwise comparison (the rank-sum test was performed due to heterogeneity of variance) 
Discussion
Although the pathogenesis of PBL is known to be closely related to long-term exposure to exogenous antigens and immune reactions are known to mediate lung injury, the cellular immunological mechanism of HP remains unclear [15] . In the early stages of the immune response, proteins in pigeon dropping products, such as feathers and dander, are recognized and phagocyted by macrophages in the lung, forming an immunocomplex with IgG and activating 
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Cellular Physiology and Biochemistry macrophages via the complement pathway [16] . These activated macrophages then release chemotactic factors, such as interleukin-8 (IL-8) and macrophage inflammatory protein-1α (MIP-1α), which consequentially induce the macrophages to proliferate at the inflammatory site. Furthermore, antigen processing by macrophages can promote conversion of CD4+ Th0 cells to Th1 cells, and activated Th1 cells contribute to the immune response via production of IL-2 and IFN-γ [4] . Clinical research on HP has shown significantly increased levels of IL-2 and IFN-γ in bronchoalveolar lavage fluid and TNF-α in serum, all of which are proinflammatory factors [7] . A study on farmer's lung, another type of HP, revealed that large numbers of lymphocytes and high levels of IL-2 are present in the bronchoalveolar lavage fluid of people exposed to allergens, which might result in lymphocyte accumulation in the lung. Moreover, serum soluble IL-2 receptor was found to be expressed at a high level [17] , and PF and Th2 dominance were observed when the disease evolved to the chronic stage; IL-4 was also produced by Th2 cells at a higher level [8] . In our previous study, Th1-associated cytokines were found to be highly expressed in PBL patients. In the current study, significantly increased IL-4 levels were observed in PBL patients with PF compared to the control group, and expression of IL-4 was correlated with pigeon breeding time and the level of PF. However, the levels of IFN-γ expression did not differ significantly among the groups, which may have been attributed to a gradual decrease in IL-2 along with evolution of the disease. IFN-γ expression was negatively correlated with IL-4 expression and therefore also with PBL evolution. Furthermore, the percentage of Th1 cells gradually decreased, whereas that of Th2-associated cytokines gradually increased. Although the mechanism remains unclear, B cells may function in the immune response by inhibiting Th1 cells [7] . From a traditional point of view, B cells display two types of activity: B cells can differentiate into plasmocytes, which secrete antibodies in humoral immunity, and produce cytokines, which regulate other immune cells. Thus, B cells should have a positive role in adaptive immunity. However, in a 1974 study based on an animal model, B cells were found to play a negative role in the immune response by inhibiting delayed-type hypersensitivity [18] . A 1996 study found that defective mouse B cells were not able to recover from experimentally induced autoimmune diseases, indicating the potential inhibitory role of B cells in inflammation and eliciting a public focus on inhibitory B cells [19] . In actuality, a series of B cells, named regulatory B cells (Bregs) by Mizoguchi and Bhan, exert an inhibitory role in various autoimmune diseases, such as experimental autoimmune encephalitis (EAE), collagen-induced arthritis (CI) and inflammatory bowel diseases [20] [21] [22] . In immunerelated diseases, IL-10 and TGF-β have been shown to be key factors mediating the inhibitive immunoregulation of Bregs [23] . In a mouse arthritis model, T2-MZP B cells secreted IL-10 and inhibited T cell production of IFN-γ during controlled disease evolvement. In an EAE mouse model, all activated B cells, including transitional form B cells, follicular B cells, MZ B cells, peritoneal cavity B1 type B cells and lymph gland B cells, were able to secrete IL-10 to control the inflammatory T cell response [24] . Based on a mouse CIA model, B10 cells can inhibit the proliferation and differentiation of IL-17-secreting CD4+ T cells mediated by IL-10 [25] . In our previous study, levels of IL-10 and IL-4 were decreased in the serum and bronchoalveolar lavage fluid of PBL patients in the acute stage of the disease [5] . In the current investigation, we selected PBL patients without PF as a study group and found that compared with the negative and normal control groups, these patients had decreased levels of IL-4, whereas no significant differences in IL-10 level were found among the groups. After PF developed, serum IL-10 and IL-4 levels increased, which might provide insight into the dynamic characteristics of IL in PBL patients. IL-4 is primarily excreted by Th2 cells, whereas IL-10 can be excreted by both Th2 cells and B lymphocytes. Our study showed that the increase in IL-10 occurred before that of IL-4, which may be attributed to the immunization role of B cells in PBL patients, though the possibility of experimental error cannot be completely excluded. Furthermore, B cells have a negative regulatory function via decreased accumulation of NK and CD8+ T cells. Our previous study found that the Th1-related cytokine Cellular Physiology and Biochemistry
IL-2 is expressed at a high level in the acute stages of PBL. In the present study, Th1-related cytokines gradually decreased in chronic-stage PBL patients with PF, whereas Th2-related cytokines increased to become dominant in the immune response. In addition, EBF3, a B cell maturation-related factor, was found to exhibit a low level of methylation but a high level of mRNA expression. These data indicate that the Th1/Th2 imbalance changed from Th1 dominance to Th2 dominance as PBL evolved, which might be related to the role of B cells in the immune response. TGF-β is an essential regulator of regulatory B cells, and in our previous study, PF in PBL was related to the TGF-β/Smad signaling pathway, with TGF-β being expressed at high levels in PBL patients with PF [14] . However, the B cell-related pathogenesis of PBL remains to be investigated. This study found the mRNA level of EBF3 to be negatively correlated with the rate of methylation but positively correlated with the number of pigeons bred in the past 3 months, Th2-related cytokine expression, and IL-10 level. However, the EBF3 mRNA level was not closely related with the PF area or pigeon breeding time. As IL-10 is a key factor for B cells to exert their immune function, our results suggest that EBF3 may participate in the development of PBL by regulating B lymphocytes, which needs to be confirmed by EBF3 gene interference in animal experiments to observe changes in B cells. Furthermore, this study showed that Th2 cytokines are positively correlated with the pigeon breeding time and PF area, demonstrating the association between Th2 cytokines and PF in PBL patients. Nonetheless, we found that expression of Th2 cytokines was notably increased, even in patients who had recently bred only a small number of pigeon. Presumably, this phenomenon was associated with the relatively large population breeding pigeons in the surrounding area. We also found that lung inflammation still proceeded in some PBL patients who had moved away from the local region for various reasons, such as a change in employment, indicating that inflammatory damage in PBL patients does not rely on persistent contact with allergens. Therefore, identification of inflammation reaction-blocking targets remains an urgent task for PBL intervention. Methylation is a major route of gene regulation, with high methylation rates associated with down-regulated gene expression and low methylation rates with up-regulated gene expression [14] . The level of EBF3 expression was related to allergen contact frequency and disease evolution; although the number of pigeons bred indicated the allergen contact frequency and the level of inflammation, the PF area did not indicate the level of inflammation. In this study, 20 PBL patients with PF in Kashi, Xinjiang responded to a questionnaire, and the screened patients were subjected to lung computed tomography (CT) scans and pulmonary function examinations to confirm their diagnosis. Although Th1 dominance was found at the acute stage of PBL in our previous study, Th2 dominance in chronic-stage PBL patients with PF was observed in the current study. However, because this study was originally performed based on an unexpected and interesting finding, it suffered from deficiency in grouping. To compare different mechanisms involved in progression to PF in PBL, we at a late stage included acute/sub-acute PBL patients without PF as the patient II group. Therefore, it was difficult to perform the EBF3 methylation experiment under the same conditions using this group. Regardless, in the early stage of this study, we found that EBF3 methylation had a strong negative correlation with EBF3 mRNA. Accordingly, we performed PCR to assess EBF3 mRNA expression in this group. In addition, although we performed mRNA detection, ELISA, and flow cytometry for the patient II group using the same instruments and reagents from the same companies, a larger same size or animal experiments are still needed to reduce experimental errors as much as possible.
This study is the first to show that by increasing the mRNA expression levels of the gene itself, low levels of EBF3 methylation are involved in progression of PF in Uygur PBL patients. After PF occurs in chronic PBL patients, the inflammation type changes from Th1 dominance to Th2 dominance. During the development of PBL, the increase in IL-10 occurs before that in IL-4, which may be associated with EBF3 hypomethylation and the participation of B lymphocytes.
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